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m m m 

p^7b^hi>mmmu<DM^ ^m^^^^^s-efe^„ 3^;^x/Hb^JS(-ov ^x\-im^m±^j: 

Synthesis, 1978^p. 929, Chem. Lett, 1977<^p. 55, Chem. Lett. 198l¥p. 663, 
Tetrahedron. Lett. 28, 1987<^p. 3713, J. Org. Chem. 56, 1991^p. 5307#M)^, 
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[0003] ^(Dflfc. T/>^^^Mt^mt'tti^f^<o^mit^mti)^h^j:^^p^T^i^m.m^m 

5tfflMIK(^JxL{^. #|g2001-48973-^<^#. #M2001-64377-^<2t##flg)^ 

M7K^>ffc:i^l-y^^'i':^:/^^$-*:rc:ii^7"/v^^Mit(^Jx.(i. #^200i-i7 
86 2-^^##M) ^^S^^tvTV >:5o 

[0004] ±m=^^TMtRm^^m^MmmtvXs mn-v^^:^^^^^^m 

nmm^'^mtvRmvxmm-r^^t\7ix^.^<Dmmm%:m\^<mmr:^^tf)^x 

[0005] :^mm<Dw^m\t. '^^■^•rmmti:m^^^-r^^t^mmm&^^(7)^^±mt. 
fixm. 7f)^if)^^mmffa^(Dmmit^^<D^0.ici^^^x. m'^^^M<D:fy/v^:ymt 
r/i^=i--/}yt(DRmK^^x!^m<Dmv^^m'r^^:^'r/im^m^.w\^^m<D^ 

{}^m<D^mx\.if)^h^mm^'^mt\^Rmi^xmm'r^^fd^x^. ^^^—^^^^ 

[0006] i^/wnm^^ A (IV) m.X\-t^^'7=^^M. (IV) Ig^HtelKl--^ V ^5:^7^^7K^ 

^/WiS-^i^O^:/i5'>^?gtcZr(OH) (OAc) (x+y=4)Srftfe^«i:U-C;!iq^. $b 

X y 

\z.mmbvxm^^ f^'^mmzmovyo^MTLXMW^ (^^;^mi2o*c. emm) 

*;^iUi7K$-fr^^^t-J:«9^'a-SJ^:^tTofCo ^<^^^x ^*P^J^LTGa(Oi-Pr)^. 
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Fe(Oi-Pr) ,Al(Oi-Pr) , Sn(Oi-Pr) fS:if(D'^m^^^n^^^tKX-oXmm^ 

3 3 4 

i4:65ffij_hi-S-i:d5^Dd^ofcio Jfc/6^-e^>Ga(Oi-Pr) .Fe(Oi-Pr) T^mi^X^^^^ 

3 3 

^■^xJto Zr (IV) m(Di^t>Y) l^rtte><Z)^iP^jrcltSr3mol%ffl V ^TSJ^;:S^^f o-Ob 
X^^f^minhMf)^ofCo Ti(Oi-Pr) tZr(lV)^Hf (IV):^|^#(^^ti(D^^V>M 

4 

mX-h^::iti^^htlX\ ^^H)^. Ti (IV) -Zr (IV) . Zr (IV) -Hf (IV) . Ti (IV) -Hf (IV) 

fcv ^om^^t>'tx*itmm'^^mm^^<D\^±i-i^hM:^^tio Hf (IV) m.KM\^ 

[0007] mhmWJ^^IJnM^^^^l^ftFe (Oi-Pr)^{^oV^-C. Zr(Oi-Pr)^ lOmol 

%icnir^mMmtmm^^^<Dmmi^-^\^^xm^tco ^<^>^m. zr(oi-pr) 

4 

UFe(Oi-Pr) ^/^?L-ro^^bTV^<^i54i^^^4}*|RI_hU Fe(Oi-Pr),^0. Sm 

3 3 

oi%m)mir^'^xmmmm^\^±'r:b^t7!)^t>^^ito Fe (oi-pr) ^(Dfij-^^^^i;! 

Zr(Oi-Pr) ^Fe(Oi-Pr) O^/VJt(*20:l— l:l:6S5l^-efeSo 

4 3 

[0008] ^'^^M:^M^ftZr(Oi-Pr) -Fe(Oi-Pr) . Hf (Oi-Pr) -Fe(Oi-Pr) 

4 3 4 o 

Ti (Oi-Pr) -Fe (Oi-Pr) ^m^^ti=^:^T/vm'^Rft^i^^^^x(Dmmm)^^m^ 

4 3 

t7!)mh7!)^tfj:oti7!)K Ti (IV) -Fe (III) oV ^x\^mmti:Rjt^(Dmm.^^a^hthfj: 

,Zr (Oi-Pr) Xf^Hf (Oi-Pr) ^Fe (Oi-Pr) <Dm^m^lMmM7i^^lJ\iX.Xm^ 

4 4 3 

-eo. 5^^a#Ufc^. ^®i-S:itl;iJ;oT^C§@^lC{:iZr(Oi-Pr) -Fe(Oi- 

4 

Pr) ^P^OMi^14^5fe;5-i:;5Sfc>^^ofCo^^t?.Zr (Oi-Pr) 3mol%^Fe(Oi 

3 4 

4 

7i<.mmic. nxjp:)!j/}^^i^mtr/i^=^—/i^tR}t^mm^MK.xmmmmi^x^^mm. 
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4 4 3 

iv)>fb'^#j;5s,-jis:^(i) 

Zr(OH) (or') (1) 

a b 

3) 

ZrX Y (3) 

4 e 

Hf (OH) (OR ) (2) 

c 2d 

mmx*i>ox^ c+d=4<Dmm^^ir^o )-e^$tv5>fb'a'#j-efe5c^^#m^i-s 

) 

HfX Y (4) 

4 f 
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i^K-Tf^fe^^i! ^«l#a^-r^ [ 1] - [5] <7)v ^-rn^-tBm<^^;^7^/v^i^■a^^(OMit;^& 
mir^7i^t:R!t^m^hm^Vxn^j:i^n^^t^Wm.tir^Lil - [7] (OV ^T^xji-iB 

xiti&m^^mniK :^w>'. y^/^w:^. T:=^y—/]^f)^hm\'£fimm:sL 

y'^i-^mz.^.yi^m't<Dh(D^mmmtvxm\^^^^t^mmt'r^ii:\-iio:\(D 
>m(Dmmii^mmm^m\^^^t^!wmt'r^ [ 1 1] - [ i4] (dv ^•r^^;i>lB«(oa: 

3i;:^7^/Wl^S^S i^^m $tU. i^/Wnci^^' (IV) '^k'a•i^:S.t//X^*^^7^!>i^ (IV) >f b 
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Zr(OH) (or') (1) 

a b 

^(3) 

ZrX Y (3) 

4 e 

Hf(OH) (OR^) (2) 

c d 

[0013] ^^{C^^m\^. [2l]^^:7rl^7i^ iW)it^m7!)K -J|S^(4) 
ZrX Y (4) 

4 f 

(^•f. XJ*^^nyi^Jg^=-%^b. Y{*7^1>7tciK:77:^^^L. ff*0X(*2^^i-o ) 

> [22]^>fb'^i^d^ ^(IIl)T/v=^i^K-e*>i9> ;i{fy!J'^>fb'^i^>6S;^y!j7A(lll)T/v=i 

=3e^>K-efc5::t^#^i:-r^ [1 7] - [2 1] cov ^Ttv^^lE^<^^:^7"/^^'a'^^5tffl 

A (IV) ^t^!^ KMVX. 5mol%iJJl_hT'*>Sr [1 7] - [22] <D\, >'rtt 
;5.|Bm(D«x/Hi'a'^^5tffl^i!fei^^. [24]:n;x.7^/HkSU£:i^T^. Hf&^l--!' 

^:Lt^wmtir^ [ 1 7] - [23] <Dv ^■rti7f)^mM(7)=^^T/i'm^<^mitmmm^. i 
s^mt-r^i2A]umo:>=^:^'r/vm^^m^mm^^. [.2Q']y(:t:y^mm^. n-t 
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^t^<^mt'r^Ll7'\ - [23] (DV ^Ttl.;6^IE^03^:X7"/Vfi'^#)M5tfflMIK^^ [2 
8]3i;^v"/HbSJ^;^;i5^ ;&/W3j^V^i:T/v=3— /vi:(DS^t;;-e&S^^^#^ti-S [17] 
-[27]<DV>TtLd-IB«(D:i^^7^/VJit-a'<^$Sl5tffltt^«{-l8i-So 

[0014] [|iii]mil2i{*x i^/)^=i::^^Miv)^y:^^^i^h^^Mir^mi.m)^yzfvi:^^-yV(D^ 
^ij'A (IV) ^t^mt. ^ (III) it^miBLn/yji.mt7J>^ (III) ^t^mt^^m-t^m 

]^<i-im^^^^-f'^h<D^\^^'rfi<Dh(Dxh^xhx<. mx.it. mm. :fti\i°:ti^ 
n-mm. -(ymm. n-^^m^ ^y^w-m. p<f^/v^^/wg^^. hv^^^^^^mm. 

ij-:txii^m.. ^-^^^YW.. ^zfV/^m. ^7/v=?>'^. :^^]):ym. ^^^"f^yMk. 

it. -^vii^m. ^^^^m. if)v^}vm.. Ti^\^>m. tvy^^^. :^^vi^m. t^^^^ 

m. "^^^-yi^m.. Yf^y:rm^. -y-^fvm.. -^W:/^. yi^='^^^^ iyh^='>'^j^ 
, z^^fVW.. "ruy^/vm. ^y^:^/^^m. v^:73i— y^wo^— 7^/W4, 4' 
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Zf^l^-l, 2, 3, 4-7'^7;=&/^2H:^^^ i/i5^a:/^:/-l. 2, 3 
, A-'rh'yiJ^V^l^m.. ^l^-^l^-ly 2, 4, 5-7"h7;57/V'5i^V^^ 3, 3' , 4, 4' 

>'yVcny>'7"h^;*7/v4<>'^. 3, 3' , 4, 4' -v^^'^^/w^i— 7^/vxh^;^/v>!j^V^ 
[0017] (J:*3Jt§:t;^7"/Wkt-ffl V >bti/5T/V'=3— /v-fi^ H— ^T/v-^— H— 

hy7^wi^i?'y=3— /V, 1, 4-^i5':^v?:^— /v. 1, 5-^:x^5':/v?:^— /V. 
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[0018] 7^^5g(D3l;;^>7^/^iii'^^^<DM3^^^&<^^^v^/HbK^£:i-*5V^r^i. m^'^jva^ti 

o 

ZrX Y (3) 

4 e 

4 

4 4 4 

— 7"/V^#:x Jr^*:6<JlC{*, ZrF • (THF) , ZrCI • (THF) . ZrBr • (THF) . Zrl • ( 

4 2 4 2 4 2 4 

2 

]ftv^3^— 7^/v^#:^r^m{*:-efeo-rtjJ;v\ y?)^;6^^T^K@H^T-i:b-C«. R^CO 



wo 2005/033060 



10 



PCT/JP2004/014474 



4 

{^^f?Ih$'1ir-C#btT.<5Zr(IV)X O-nH OOfl|jg^-e^$tbS:=/^n>5r*>'>fl^^>fbi;? 

2 2 

n^m. ~-3^i\:mit^;^^=^=-^j>^immm^mf^^tf)^x^^. 

Zr(OH) (or') (1) 

a b 

m::.mf^^tf)^X^^o t^t^^—m.^{i)X0:^^^i:^^^^=-^Mv^)it'^mt\^X 

i^/V3:=:i>A(IV)7^h7T-fe7^— >?/V3c=^!>i>.(IV) h!;T"fe7^— htKn^rVK. 
i^/V=ic:ii>A (IV) S;^T-fe7"— hv?fcKl3dr->K, i?/W=i;:^e7A (IV) T-feT^— hhU l:Kt3=¥ 
->K, v?/V3::i!J^A(IV)7^h7tKndrv'K, v?yl'3-^7A(IV)7"b7^tit°:^^— 
/Vnr^i>j=.(IV) h!;:/t3t'::r^— btKnde-:xH\ >?/^=i=!j7A(lV) hi/t 
KndrixK, -JjV=i^^M\Sf)':fxi\i':^:^—VY\>\i\^xi^^yV. v?/V3^l>i>. (IV) 7^h7-f 
y:/nf:^;^— i^/Vacr^l^ A (IV) hy^yi/of:^^— htKo^v'K. v?/V=ic:i!>i^ ( 
IV) -My:fxi\f:^:^—Yi^\^V^^i^V. v^/Waciri^A (IV) hhytKndfi/ 
K. v?/v=i=!j7A(iv)7"h^:/^w— v?/v=i;:^e7A(lv)hy:/^^— MiKn^ixK. >^ 
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[0021] —^Ml) f ^ R'tm-TT/v^^vrntX^X, ^^/w^^ ^^/^^^ y^ntVi-S 

/V=i^^>A(IV):thdrv'K. i:;?/V'3c=:r>^(iv)yn7jfdri/h\ ^;?/l'=i:::^e7i^(lv)-fy7'i3 
(IV) t-:/h=3riyH\ v^/Vri^T^i^ (IV) ^^'^/V'l^^^i/K^cOi^/V^^!^-^ (IV) T/V=x^ 

iv)>fb'^i^^u-C{*. 0^iffi<o/N:7c:i^^^^^i^lcWi-6>fb'a'i^-efctL(i. v^'r^l'<^t> 

HfX Y (4) 

4 f 

(^•f ^ Xf*/Nny:/J!g^^^L. Y(i7"h7tciK:77>'^^b. f }ioxf*2^^i-o ) 

c:^!J'A(HfCl ) . :i:^t:^^:7^!>A(HfBr ) . S^^t^^y^^Mun )^(D/Nn>j7*>'>fb'a- 

4 4 4 

#3^^, ^nb^^:7^!>A(iv)^M3<>^V>fb^l-s 7"h^tKn:7^i^;5Sia^bfc3^— r/v 

;ft^6<J(J:f*> HfF • (THF) . HfCl • (THF) . HfBr • (THF) . Hfl • (TH 

4 2 4 2 4 2 4 

2 

Vm^^i^K /n:7^^>a (IV) ^^cl<5^V^b^^^^c@H^bfc7K^-^-r^^^^4:^^^«v ^3l 

f*. _hKi^/V3::^i>A (IV) 'fb-^i^l-dsitSBB^^^^I^^ogE^^^^^^f Sw^3&s-e# 
So ^<7)m^ ;4^^§g(03iy?.7"/vJHS'^i^<^SS5t^fel-fflv>:5^N>'=!>A(iv)>fb'^i^ 

«{t@?/N^^'>i^(Hf (SO) )^<DiBf£^:^m^. i;?v^i^C2-<>'^i/:n-/W>:7:^>>ix 

4 
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Hf(OH) (OR^) (2) 

c d 

6<) (;i#tf s::^;65-c#So ii^li^^—WL^ (2) -e^$ns^^:7c:^i> a (iv) ^fb-a-^^b-Ct* 

) ynf:^;^— hby tKn^i^K. ^^>^^<j7i>,(iv)xh7^y^tit'':t^— K 

IV) hy-ry^nfc-::^-;^!:— hfcKndri^K. ^^:7::ri>A(lV)i;?-ry:/t2fcr:^4^— hi?tKci^ 

^^•7=.^M. (IV) by htKi^^^v-K^ (iv) Kv^tKc^^^v- 

/N7-!j^A(iv) ':f^v—VVWri^^yY^^^mf^\z.m7^^^^tfi^X^^o 
[0024] *fc. —1^^ (2) . R^;&S^i-T/V=¥/WS^bT. ^^/W^. ^i^/w^, ^nlf /VS 

. -ry:7"c^tVk^. ^'^/v«^^#ff-5^^;55-C'#. ;?)>d^2)R^^Wi-S-^^(2)T'^ 

IV) -<:x^/v:^dE^ v'K^o/n:7:=:-^ A (iv) T/v='^iyK^^J^-r'5^i:;55-e#So 
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[0025] :Ltihi^/]^=^:=-^j>> (IV) ^t^^-^. ^^y=-pj^ (IV) \\L'^m\mm}i^'x\m'x\t'2m 

fflVN^^-^. ^fc^^LTfflVN^SJ^-^. M^im*-^?. 0. l-10mol%. ^^U<}:iO. 

1 — 5mol%^^(f Svl^;6S-e#:5o 
[0026] ;^^lilPJ<D3l^7^/l^'a•^^(DS^5t;^^fe^cfflv^fetl^M^K^^:-^^$tl^-^^^ 

:=^e7 A (IV) 'fk'^ipfejS.-a^/'Xfi/N (IV) >fb'a'«l^^*t-ffl V (III) \\^^m 

;?/y!>i^(iii)>fk'^i^f*> #l;i^JPS$tb§t>cDTi*^^v^;0^ ^(iiDT/v^i^v-K^. 
;!5f (III) T/V'=3dr>:xK^^{*:6^lC#tf :5::^;iS-et^„ d^^O^-ST/V^^^^v-K^b-C}* 
. «^(III)p<h^iXK, ^(III)a^h:3fiXK. ^(III):/nJK=ari/K. ^(III)^y:/n^^VK. 
^(iii) ^^h'SE^v'K. ^ (III) -ry:/h^i/K. ^(iii)t-:/h=3ev/K. ^(iii)^^^/V':^driy 
K#^. ;5fy!>A(lll)^h=3f.iyH\ ;?fy'>i=K(lll)cnhdri/K\ ;^y[>i^(lll):^n7K=¥v'K. ;^ 

y!>A(iii)^y^ci7K^vK. m^MwDzTv^^y'e. m^M\\\)^vfv^^yY. 

A(iii)t->^h^i/K, ;{fy!j7j^(iil)--^>'^/i-:^^iyK^^Sr«?»J^-rs^i:;65-e#> z3(\,h<o 

0%. mm)^h^i^h\ mm=^h^iy\>\ mm:f^\^^^yh\ i^dio^y^^ajK^f^^y 
So ^nhm (III) >fb'a'^^x{*;>5f y (no jb'^i^i*i«xj*2Si^JL±^i:ai^b-c 
/u=i=i^M, (IV) ^t^i^Rxj^xxn^^y^^^j^ (IV) >fk'a-«^i!^js?)^ii'a'Ut'a'^jRj^ 

o 

[0027] ^ttfe^ (III) ^[^.^S^-^m^M^ (III) >fk'a-i^{*^ ±IBi^/V=i=^!j7A (IV) it-^mmJ^/ 

xn^^y=^^j^ (IV) >fb'a'<^ : m (III) 'fb'a-^:5tt;«/x«::^y dio ^t^m-^K 

itt:\ 1:0. 05—1:1, $f^b<f^l:0. 1— 1 : l(7)®HT-^ffl-r5^^;6S-e#So ^<e*3 

m^-r^:it^^x^^7iK0m^mm7()^=^:^y'MtR}t^K^'o^^-r^7i^(D^ 
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MtVXit.. hJV:x.^^^ ^-yu:y^ p^-y^ui^^ ^^^^pi^/w^^-eV, m-^— y'aicii/V' 
, ^^-^^^ 1. 3. 5-h]}^yzfu\i'/\^^:y^-^>^ o-i^i!^viu^:y^> 

. 1, 2, 4-hVi^V2n^l^^y, -r^^Ul^. 1, 2, 3, 4-7^b7l:Kn^:7i?W>' (T^h^y 
:y)^m^-r^^tii^X^. *fc. mi^mmtl^Xit. r^y— zv, thf. 1. 4-v?:*-=ar 
T^/V^cDfife, N-^^/V-2-fc°n!;^<:?y^^(N-;»<^/V-2-t:°ciIJKV), N 
-:/^/V-2-fc'n!;i?y:/(N-3^^>'W2-fc"n!;K>').N-:ii^/W-2-lfi3!;K:/. 1. 3 
-v?j;«^/W-2-t:*nyKV, iJ^l^y— /V. N, N-i^p«^/VJj^/VAT5K. v'j^^^yVT-fehT 

^:/-^V, ^^-^/^hy/l^, 1, 3-i;^p<^/V-2--r5i5^>^y>^/>'. y-Zf^tiy^\>>. -7 

;v^—;vh<n>mM^UZ>\^^\^x\i^ ^ipI^jI^KTioo— 200^:. i^ij:i20— leo'C 

/^<7)^-a-S^&^-*5V^T^*. ;!jPf^3S^5fETl20— 250'C. #(C150— 200'C-e24— 72 
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[0030] ^j^^T^/w-K^SJ^T^. mmvtimm^RU^^ir^fcib^ ur(D*iim^n^j:Do s 
IV) it^mt. ^ (in) it^mRxf/xitm^j^^ (m) it^^(Dm^m.mm^-<:ti^ 

. mumv<\t^uKmmmxhmi^tti:^i^n^n-om(D:ztxhox^ mm^ 

icji&C-Ci^ai^/wa^— 7^/v^-t?i5fe#Ufc^. mm^-ri^^(Di£t.. ±m=^:^T-M\: 

mmi^m\'^^mmt\.xi-xm.myi^mm^mif^^t-d^x^^7!)K mm^m<DMt^h^ 

l-:3^^/V-3-p<^/W^^5^y^y ^M^hV^/^^tti^i^ly^/V 

i^kvxmif^^t7!)^x^.isf--:f^/\^ii'Vi^^^W'y/^:t^^ 

mz:m-'^v\^\ i)^ib^^4:^iym^i^(Dmm&ti^xtt. ±^mm(Dm^mmo. osm 

moU::*fbTO. 5ml— 2. Oml;0^^^b<. <t«90*b<{*l. 0ml— 1. SmlT-fc^o 

/vm^R}ti^^m-r?>mmtvxi^.w>^i^'^^z^^:^^<Di&m^mwmm%:m 
[0032] ur. mmm\^x\):^mm^x^M:i!^mKm.m-r^7^K ^mm(D^mm^mn:^ 

mmm i 

[0033] 4-:7ai— /Vg§^^ Vi^c3Kv^;«7y— yKD^^7W^'^^(D'--:/i5^>^?glc:Zr (OH) ^ ( 
OAc) (x+y=4) 3mol%. <^^JSig2mol%^S^S^^f-i)PX.. :t^/]^^<y^(D 
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[0033] 4-y^:^/l-mmti^^t:ih^y^^y—/\^(Dm^/um^^0^y^:y^mi^Zr(0H) 

X 

(OAc) (x+y =4) 3inol%. <D^mU2mol%^KJt-Wm\^MK.s 
y 

<DU^^120X:tVXmmM^MmUto ^CytTK^-T^-f ^^^^=^^^—^5' (Dean-stark 
[0034] [^1] 




1 


ZKOH)x(OAo)y 




32 


2 


Qa(0i-Pr)3 




14 


3 


Fe(OI-Pr)3 




14 


4 


Ti(Oi-Pr)4 




32 


5 


ZKOH)x(OAc)y 


ZKOH)x(OAc)y 


47 


6 


ZKOH)x(OAc)y 


Qa(0i-Pr)3 


62 


7 


ZKOH)x(OAc)y 


Fe(0i-Pr)3 


76 


8 


ZKOH)x(OAo)y 


Ti(Oi-Pr)4 


49 



[0035] mm^h. Zr (OH) (OAc) \Z.m^J>^ (UI) y^'nsK'^rixK (Ga (Oi-Pr) ) , m (III) 

X y 3 

^yzfu^^i^\f (Fe (Oi-Pr) ) «r*q;t5;it J^J;orfi!feii«ife;5Si6j jtUfco 

3 

mmm 2 

[0036] 2-7'h^tKi=i7D-f5/i5'^5minol, ^lyi^jVTJV^—^V^^rmaoU 'j7V=i—^J>,(JW) 
^y:/pdr>>'K(Zr (Oi-Pr) )1. 5mol%, ^ (III) -ry7'njH^^>'K(Fe (Oi-Pr) )2moI 

4 3 

51«EU:lh„ :feCfc:7KW:7^-f->'i^i5?-:i^ (Dean-Stark) ii^m^X^l^^^^\zmyt^ BL 
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[0037] ^ (III) y7"P2H^e^K (Fe (Oi-Pr) ) {JlOV ^T^ i^/U-^^l^ A (IV) ^y:/P=¥^'K (Zr 

3 

(Oi-Pr) ) 10mol%^zM't?>m\i-&^^X.X, :t^/V^^<P^<Dm.^^ll5'X:. K^&l^ 

4 



[0038] [*2] 



2r(OI-Pr)4 (10moi%) 
Fe(01-Pr)3 (X mol%) 
^ 



Fe(Ol-Pi)3 


aa* (%) 


0 


20 


0.1 


23 


0.2 


23 


0.3 


25 


0.4 


29 


0.6 


35 


1.0 


36 


1.5 


36 


2.0 


34 


2.5 


39 


3.0 


37 


3.5 


38 


4.0 


39 


4.5 


39 


5.0 


39 



[0039] 



/kn^iij^A (IV) 'i'y:7'ia^ixK(& (Oi-Pr) ) iomoi%\^>^vxm(ia)^y::^r^^^i^}^ 

4 

(Fe (Oi-Pr) );i50. 5iaol%&i.±J^i'WX^^^ti>^t>i)^oiiio 

3 



[0040] m (III) -<y:/oxK=3r>'K (Fe (Oi-Pr) ^)4mol% ICI^L-C. v^/WncmiJ^^ (IV) -Yy^n 

^i^K(Zr (Oi-Pr) ),^N:7=?5'i» (IV) -i'y:7'n=^v'K(Hf (Oi-Pr) ) . ^iJ'^' (IV) -ry^" 

4 4 • 

i3=ari^K(Ti (Oi-Pr) )#3mol%(Dm-a-:&JR:^iE^^V ^T> ^Jg^jJl^l^^tCLT 

4 

[0041] [^3] 



5^ 1 ffl (^a'J26) 
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Zr(0i-Pr)4 


Hf<0i-Pr)4 


Ti(0i-Pr)4 


4 


60 


54 


28 


8 


84 


84 


42 


20 


93 


92 


82 



[0042] mm^^ibs Zr(IV) -Fe (III) ^Hf (IV) - Fe (III) T 
i (IV) -Fe (III) ov ^Xii.mWj:RI^-<Dmi^^^nM.^M^ ^^i:^S4^;0^of^:„ 

[0043] 4-73ic::/HSMtl, 4-:?'^J':^i^:t— VW^Jl. i^(in)-ry::?'o7K^vK(Fe(oi-Pr)^) 
4mol%. >^/^=l=r^i^(IV)-fy^l3drv'F (Zr(Oi-Pr) )3mol%. ^y'-^l^tm'^. 1 

4 

(IV)-ry7'ndf^/K(Zr(Oi-F»r) ) 3mol%;fe'{t-eKi;&^=fToit#^. t;^a::>^7"yU';6553 

4 

[0044] [-fbl] 



Ph" 



"•COjH + H0{CHj)40H 



Ph' 




0(CH2)40 




Ph + Ph' 




0(CH^40H 



mmme 

[0045] IIJfe^J20S^S^> A (IV) tm (III) ;dSfAtil$tb:/t7K^Sr'€:<^«ffi V >-C 

, ji^^T^^Hi-a-SiiSSr^Toirco i^/v=i:=!>A (IV)^:^(m)^A/ys?7ls«tc^4K:^i- 

[0046] 



5^ ^ ffl (^8026) 
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ig 



1 4 QTC 



R^CO^R^ 



1 4 ox: 



R^COaH 


R^OH 


mm f^m 










Rurul— >2-»^3->4 




PhCHsOH 


*^^> em 


m >99-»>99-^>99->>99 


2 PhCOaH 


PhCHaOH 




fel >99-»>99 



[0047] m^^h. mmtm.^^m\^x.mt^^Rmi^x-hmm^mt^r^. mmt: 
mmm ? 

[0048] 'i?/W3=T>^(IV)-l'y:7'ci:art^K(Zr(Oi-Pr) )0. 05iimioliii?:(m)-ry7°a7K^VK 

4 

(Pe(Oi-Pr) )0. 05ininol4r-->7'i5'>'2. 5init-(:^>'^mi^ill^XC01--:f'^/l—3 
•^tf;iO^;^->'i4?iK<*:J-^7"^>'2. 5ml, 4-7aic:^/W-n-^^5nimol. -<^^i^ 



wo 2005/033060 



20 



PCT/JP2004/014474 



[0049] 4-y3^=^/^B^5xamo\RXJ^^>'^:^J^TJ\^='—Jl^5Tamo\^^^^ i;?/U3=>j7 A (IV 
) ^yyti:3riy\f (Zr (Oi-Pr) ) RXJ^yXfim (lU) -fyT^PTK^i^K (Fe (Oi-Pr) ) Sr-g" 

yy])^J^hV7J^^^ p<<5'^'^y^*:W5K ([BMIM] [NTf^) XfiN-y^/VfUi^ 

c::^^^^^^;^/^;^!^^^?? v;^/i-7jN>'^>r5:K ([BPY] [Nxn ) ) ^;!jpx.. ;?JBfijl^JS 

[0050] [*5] 





^$K(mmol) 






ZrCiV) 


Fe(III) 


(ml) 


ZrClV) 


FeClII) 


1 


0.O5 




tBMIM][NTf23:1 


4 




2 


0.05 


0.05 


CBMIM]CNTfa]:1 


75 


78 


3 


0.O25 


0.025 


CBMIM]£NTf2]:3 


92 


>99 


4 


0.O5 


0.05 


[BPY][NTfJ :1 


>91 


>99 



[0051] ^m-^h. mm^'^^^j^^==-^J>^ (iv)-fy:^a^i/K<D^^fflv>yt#^{±. 

}M%fn>m (ffl) -ry:7'T32K=a^5^KSr^BUfc^t;itt> ^ (in) S-tJ^i^/w^^e^^ (iv) 

i;?/W=i^r>j^(IV) (0. 025nimol):S:t^^(III) (0. 025inmol)^^4Wt-6cO{Jl 
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^Jfe^J 9 

(Zr(Oi-Pr) )RXJ^m^yy^^'^i^\^iM(Oi-Pr) )^^in^inlmol%'^^\^1tm 

4 3 

:7"Ta^iyK(Zr(Oi-Pr) )S:t>m(ni)-fy:7'c'^=^VK(Fe(Oi-f>r))^-?:n-?*tbO. Im 

4 3 

[0053] [^6] 







(M(Oi-Pr)3) 




s^i® a (oxxT^jKDiUi^ (%) 
[ffli«a)Sfijffla>KfTlslSc] 


1 




Fe(m) 




99 [15] 


2 




GaCin) 




98 [33 


3 


4-:7xri;ugse+K>i?;ur;u=j— ;u 


FeCm) 




99 [2] 


4 


4-:7x=.;i.RS+i/^D hV*y— ;i/ 


Fe(III> 




>99[3] 


5 


PhC02H+^>i?;UTJU=3— ;u 


Fe(M) 




97[3] 



[0054] e;?/w=«=iJ^3. (IV) -Wi (III) MS£f±> ¥Wl-^-f ^-■:/'f-/\^y^'3i^=-t7J>^W^^^ 

3~5), m^^. ^l^^::^3V^■C«^ i?/V3r:ii^J>,(lV) -«*(in)iil*iE(imoi%)f*. 
<®'l4S:^5-^5fe<15lDiiA±f?fUfflT'#fc, l^^ic, i;7W'3=i>A(iv)-:if])!j7j^( 



1 ^ ^ (^a026) 
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i^/ixa - ^7 A (IV) it^m:Bcxj^xxti^^'7=^^j>. (IV) it^mt. maum^^Rxj^y 

Zr(OH) (or') (1) 

a b 

Mmx-fco-r. a+b=4(Z>ii^^*i-^o )-e;^$ti^^b'a'i^-e*>s;i^^#m^i-^ 

ZrX Y (3) 

4 e 

/N:7r..i7A(iv)'fb'^i^;5s. -^^(2) 

Hf(OH) (OR) (2) 

c 2d 

mWc-ch^x, c+d=4<DBl#^#i-5„ )-t?^$tt5^b'^i^-efc5r^^#mi:i-^ 

HfX Y (4) 

4 f 

i^fp. Xfi/Nn^i^l^^^^b. Y«:7^b^fct2K:77V^^b. f W:0X«2^^-ro ) 
l^^fb-a-i^^ds, f^diDT/^a^^^K-CfeD. ;<f y!^A>fb'^i^;!)5;«fy!j7^ (III) T/V3^i^K 

mt^<^(D^^m7i^. i^/v=i=:^^j» (IV) >fb'a'<^^u^/xf*^^>'^!j7^ (iv) ^b-^^ 
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[10] 4¥m\mmxttismimmibK h/v:ti^> ^i^u:^. p^v-^i^v. T::^y-/V'i)^hmit 

[12] l-:/^/v-3-7«^/W^y^>/y!>Ahy:7/v:^n^^^^;x/V7}NW5:H\ 

[17] :3i;^7^/HbSi^;^(-'Kffi$n. - .^A (IV) i\:-^mmy^/jui^^y=-^J>> (iv)>fb 
[18] i;?/v=i=^ A (IV) {k-^ife/js, (1) 

Zr(OH) (or') (1) 

a b 



wo 2005/033060 25 PCT/JP2004/014474 

[19] i^/V3-'>A(IV)>fb'a-i^;6S, -j|^^(3) 
ZrX Y (3) 

4 e 

[20] /N^-e^ A (IV) ^t^mK (2) 

Hf(OH) (OR^) (2) 

c d 

[21] /N7-lJ^A(lV)>fk'^i^;a5^ -^^(4) 
ZrX Y (4) 

4 f 

Xfi^Nny^J^-T-^^b. Y{*7^h7tnK>'^^^^b. ff*0X«2^^i-„ ) 
[22] ^>fl^'^i^>&s, ^ (III) T/v=i=ar->KT?fe«9. ;<fy !j7j^>fb'^i^/55;ify (in) Tyv=i^ri/K 

[23] m^\:^m(DW^mK -j/i^^^^^m. (iv) ^t^mRxj^yxi-t^^^^^j^ (iv) 'fb-^i^ 

(J:*J-bT. 5mol%£J^±-T?feS^i:Sr#m^«m^«17-22(^V>-ftl.d^fStt<D3^ 

fc=^.-r:^->'^4^S^*:^^<^t>Ot^fflV^5:ltiS^#^^:t-5^*«17-23<DV^-r^^^^ 
[25] 'i':^:/147K^?g;ils^ l-y^7W3-p<^/W^^>^y'>^hy:7/i^:^a^^:/;:^/W7}^W^ 
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[mi] 
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(.96) 

50 



40 
30 

2o4 — 

10 



3 4 5 

Fo(Oi-Pr)3 (mol%) 
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